Introduction

!
Intraductal papillary mucinous neoplasms (IPMN) of the pancreas develop from epithelial cells in the main pancreatic duct (MPD) or branch duct [1 -4] . Histologically, these lesions can be classified into benign IPMNs (hyperplasia, adenoma, and borderline neoplasm) or malignant IPMNs (noninvasive, minimally invasive, and invasive carcinomas) [5 -7] . Although the natural history of IPMNs is still poorly understood, all of these lesions are considered to be premalignant because even benign lesions such as hyperplasias or adenomas can progress to invasive carcinomas. Thus, even benign IPMNs may have to be surgically resected to prevent malignant transformation [8] . However, the risk associated with the surgical procedures should be balanced against the risk of malignant transformation [7] . Thus, to facilitate decision making it is necessary to understand the natural history of IPMNs and to identify the IPMN features that are associated with a high potential for malignancy. The features of IPMNs usually differ from those of ordinary pancreatic ductal adenocarcinomas (PDAC) [9 -11] . However, several reports have shown that relative to the incidence of PDACs in the general population, PDACs occur at higher rates in patients with IPMNs; they are also frequently discovered at an unresectable stage [12 -16] . There are two types of IPMN-related PDACs, namely, those that infiltrate the IPMN (designated here as IPMN-derived PDAC) and those that are Kamata Ken et al. Early detection of IPMN-concomitant pancreatic carcinomas by EUS … Endoscopy 2014; 46: [22] [23] [24] [25] [26] [27] [28] [29] Background and study aims: Pancreatic ductal adenocarcinomas (PDAC) sometimes arise in patients with intraductal papillary mucinous neoplasms (IPMNs). This study examined the incidence of PDACs concomitant to or derived from branch duct IPMNs. The usefulness of endoscopic ultrasonography (EUS) relative to other imaging methods for detecting these tumors was also assessed. Patients and methods: This retrospective study used data from clinical records and imaging studies that were collected prospectively. During 2001 -2009, 167 consecutive patients with IPMNs underwent EUS, ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI). The 102 patients whose branch duct IPMNs lacked mural nodules/symptoms and thus did not qualify for resection were followed up by semiannual EUS and annual ultrasonography, CT, and MRI. The sensitivity and specificity with which the four modalities detected IPMNderived and -concomitant PDACs at the first examination and throughout the study period were evaluated. The rate of PDAC development during histologically distinct from the IPMN (designated here as IPMNconcomitant PDAC). In recent times, it has become possible to diagnose IPMNs with a variety of imaging tools. Endoscopic ultrasonography (EUS) is superior to the other available imaging methods in terms of spatial resolution [17 -20] . The present study had two main aims. The first was to investigate the natural course of branch duct IPMNs by using four imaging modalities: EUS, ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI). In particular, the frequencies of cystic lesion changes and IPMN-derived and -concomitant PDAC development during follow-up were determined. The second aim was to compare the diagnostic accuracy of the four imaging modalities in terms of the detection of IPMN-derived and -concomitant PDACs.
Patients and methods
!
Study design
This study was approved by the Institutional Review Board of Kinki University School of Medicine. It was a retrospective study that used a database created after the clinical record and imaging examination data were collected prospectively. The surgical indications and follow-up method were unified during the study period. Outcomes were reviewed retrospectively.
Patients
Between April 2001 and March 2009, 167 consecutive patients who were suspected to have an IPMN had their first examinations with EUS, ultrasonography, CT, and magnetic resonance cholangiopancreatography (MRCP/MRI) at the Kinki University Hospital. All four imaging methods were performed within 1 month.
Diagnosis of IPMNs
With all of the imaging modalities, IPMN was defined as a dilation of the MPD or its branches. To exclude simple cysts, a lesion was suspected to be an IPMN if it was more than 5 mm in diameter. IPMN was classified from imaging studies as either main duct or branch duct IPMN according to the new Fukuoka criteria [21] . Thus, if the MPD was ≥ 6 mm, the lesion was defined as main duct IPMN. However, if the branch duct was dilated and communicated with the pancreatic duct without MPD dilation, the lesion was defined as branch duct IPMN. The lesions were also examined for the presence of mural nodules.
Distinction between IPMN-derived and -concomitant PDACs
IPMN-derived PDACs were distinguished from IPMN-concomitant PDACs on the basis of radiological images and macroscopic or microscopic findings of the resected specimens. A pathologist examined these specimens carefully for the presence of non-neoplastic ducts between the IPMN and PDAC: if intervening normal ducts were observed, the PDAC was defined as an IPMN-concomitant PDAC. If a histological transition between the IPMN and PDAC was observed, the PDAC was defined as an IPMN-derived PDAC [22] .
Indications for surgery and follow-up strategy All main duct IPMNs and the branch duct IPMNs with nodules or symptoms were surgically resected. The remaining branch duct IPMNs, which lacked nodules/symptoms, were not surgically resected; instead, the patients underwent periodic follow-up with EUS, ultrasonography, CT, and MRI as outpatients (• " Fig. 1 ). Thus, EUS was performed semiannually and the ultrasonography, CT, and MRI examinations were performed annually between the two EUS examinations: the MRI was performed 2 -4 months after the first EUS examination, and both ultrasonography and CT were performed 2 -4 months after the next semiannual EUS examination, after which the cycle was repeated. If one of the four modalities showed during follow-up that the cystic lesion had changed (dilation of cystic lesion ≥ 10 mm) or a nodule had appeared, the other three modalities were performed within the following month so that the detection abilities of the four modalities could be compared.
Imaging techniques
All imaging techniques, both at the first examination and during follow-up, were performed in a blinded manner: the endosonographers, the ultrasonographer, and the radiologists were all unaware of the results of the other imaging investigations.
EUS
The electronic convex echoendscope (GF-UC240P-AL5; Olympus, Tokyo, Japan) was employed for EUS. All EUS observations of the pancreas were performed by the same two endosonographers (M.K. and H.S.), who were qualified by the Japan Gastroenterological Endoscopic Society and were experienced in EUS, having performed more than 3000 EUS examinations each.
US
A GE LOGIQ9 or 700 MR EXPERT Series unit (General Electric Medical Systems, Milwaukee, Wisconsin, USA) with a 2 -4-MHz curved-array wide-band transducer was used for abdominal ultrasound. All ultrasound observations of the pancreas were performed by the same ultrasonographer (K.M.), who had 20 years of experience in gastrointestinal ultrasonography.
CT
Intravenous contrast-enhanced CT imaging was performed by using two-phase CT (Toshiba X-vigor; Toshiba Medical System, Tokyo, Japan) or a 64-channel multidetector CT scanner (Light Speed VCT Vision: GE Healthcare, Milwaukee, Wisconsin, USA) with a 5.0 mm image thickness. In the former modality, 100 mL of Iopamiron (iopamidol; Nihon Schering, Osaka, Japan) with an iodine concentration of 370 mg/mL was injected. Dynamic acquisition in the early arterial phase (30 seconds) and portal phase (60 seconds) was performed. In the latter modality, after the unenhanced images were acquired, 510 mg iodine per kg of iodinated contrast material was administered intravenously at a rate of 3 -4 mL/s. Scanning was performed during the pancreatic parenchymal phase (at 40 seconds) with the liver phase being obtained at 70 seconds. The images were evaluated by two radiologists (T.H. and M.K.), who had 15 and 20 years of experience in gastrointestinal radiology, respectively. The two readers first read the data independently. If either of them suspected that there was a solid tumor as well as the cystic lesions, the two readers re-assessed the images together until an agreement was obtained.
MRI
MRI studies were performed by using a 3.0 T system (Achieva: Philips Medical Systems, Best, The Netherlands) or either of two 1.5 T systems (Signa Excite HDxt, GE Healthcare; and Gyroscan Intera Nova, Philips Medical Systems). Axial and coronal breathhold single-shot fast spin-echo (SSFSE) or half-Fourier acquisition SSFSE T2-weighted, 2 D thick-slab SSFSE MRCP, 3 D MRCP, T1-weighted dual-echo, b800 diffusion-weighted images, and T2-weighted image acquired with fat-suppressed turbo spin-echo sequence were obtained. The MRI and MRCP images were analyzed independently by the same radiologists (T.H. and M.K.) who performed the CT studies. As with the CT analyses, the two readers first read the data independently. If either of them suspected that there was a solid tumor as well as the cystic lesions, the two readers re-assessed the images together until an agreement was obtained.
Gold standard of PDAC diagnosis
The gold standard for the diagnosis of PDAC was histopathology of surgically resected specimens and/or EUS-guided fine-needle aspiration (FNA) specimens plus follow-up with the four modalities every 3 months for at least 12 months (• " Fig. 1 ). In the cases where a PDAC was not suspected on the basis of the imaging studies, the final diagnoses were confirmed by follow-up (• " Fig. 1 ).
Variables
The following outcomes were calculated: (i) the frequencies of main duct IPMN, branch duct IPMN with or without mural nodules/symptoms, and IPMN-derived and IPMN-concomitant PDACs at the first examination; (ii) frequencies of changes in the followed up (unresected) IPMNs and the new development of IPMN-derived and IPMN-concomitant PDACs during follow-up; (iii) the relative sensitivity and specificity with which each imaging modality detected PDAC at the first examination (to calculate these values, PDACs detected during follow-up were defined to be occult lesions that had not been detected at the first examination); and (iv) the relative sensitivity and specificity with which each imaging modality detected PDAC throughout the study period (to calculate these values, the latest examination during the study period was used). For (iv), the modality that detected the PDAC at the first examination or during follow-up was compared with the other three modalities that were performed within 1 month of the PDAC detection.
Statistical analysis
All analyses were performed using the statistical software SAS 9.1.3 (SAS Institute Inc., Cary, North Carolina, USA). The patients with IPMN-concomitant PDACs that were detected at the first examination were compared with the patients with new IPMNconcomitant PDACs in terms of their clinicopathological data by using Student's t test and Fisher's exact test. The McNemar test was applied to evaluate the differences between EUS, ultrasonography, CT, and MRI in terms of detecting PDACs. Differences were considered to be significant when P was < 0.05. The development of IPMN-concomitant PDACs was analyzed by the Kaplan-Meier method.
Results
!
Clinical characteristics of patients
• " Table 1 shows the clinical characteristics of the 167 patients with IPMNs. The mean age was 69 years and the ratio of males to females was approximately 2 : 1. The IPMNs occurred twice as frequently in the pancreas head as in the body or tail. The flow chart (• " Fig. 2 ) shows that 11 of the 167 patients (7 %) were found incidentally to have IPMN-concomitant PDACs. This diagnosis was confirmed by EUS-FNA, after which seven of these patients underwent surgery. The remaining four patients with PDAC received chemotherapy because their PDAC lesions were at an inoperable stage. With regard to the remaining cohort of 156 patients without IPMN-concomitant PDACs, the 42 patients who had a main duct IPMN (n = 19) or a branch duct IPMN with mural nodules (n = 19) or symptoms (n = 4) underwent surgical resection. The histological diagnoses of all resected IPMN specimens (both main and branch duct IPMNs) were hyperplasia (n = 1), adenoma (n = 24), noninvasive carcinoma (n = 6), minimally invasive carcinoma (n = 7), and invasive carcinoma (n = 4). Seven of the 23 (30 %) resected branch duct IPMNs and 10 of the 19 (53 %) main duct IPMNs were carcinomas. Of the remaining 114 patients who did not undergo surgical resection or chemotherapy, 102 were followed up for 12 months or longer. The other 12 patients who did not undergo periodic follow-up were excluded from this study. There was no further loss to follow-up. A total of 59 patients were continuously followedup until the last date of the study (31 March 2010). The other 43 patients were censored after a follow-up of 12 months or longer because follow-up was no longer possible due to the occurrence of other serious diseases, namely, gastric cancers (n = 4), colon cancers (n = 2), and benign diseases (n = 37). The median duration of follow-up was 42 months (range 12 -122).
• " Table 1 summarizes the characteristics of the 102 patients in the follow-up group. Their mean age was 71 years and the male:female ratio was 3 : 2. Similar to the whole cohort, their IPMNs occurred twice as frequently in the pancreas head as in the body or tail.
Outcomes of imaging examinations during follow-up period
In 3 of the 102 followed-up patients, the diameter of the dilated branch ducts increased during follow-up (• " Fig. 2 ). In all cases, all four imaging modalities detected this change. All three patients underwent surgical resection, but the histological diagnoses of the surgical specimens revealed that they had intraductal papillary mucinous adenomas (IPMAs). Mural nodules did not develop in any of the followed-up branch duct IPMNs. Thus, new IPMN-derived carcinomas did not arise from the branch duct IPMNs themselves during follow-up. However, seven (7 %) IPMNconcomitant PDACs were detected in the follow-up period between 12 and 74 months after the initial diagnosis of IPMN (• " Figs. 3, 4) . Thus, the 3-and 5-year rates of IPMN-concomitant PDAC development were 4.0 % (95 %CI 0.1 -7.9) and 8.8 % (95 %CI 1.2 -16.4), respectively. All lesions were detected at an operable stage, but one patient rejected surgical resection because of his advanced age and underwent chemotherapy instead.
Outcomes of surgical resection and histopathological examinations
Over the course of the study, surgery was performed in 58 patients because the IPMN was accompanied by a concomitant PDAC (n = 13), the IPMN was a main duct IPMN or a branch duct IPMN with mural nodules/symptoms (i. e. the IPMN met the IPMN surgical resection indications, n = 42), or the cystic lesion became enlarged during the follow-up period (n = 3). Pathological analysis of the resected lesions revealed that all had been correctly diagnosed as IPMNs by the preoperative studies.
In the 17 IPMN-derived PDACs detected at the first examination, all of which were resected immediately, histology revealed clear interconnections between the PDAC and the IPMN. Of the 18 IPMN-concomitant PDACs that were detected at the first examination or during follow-up, 13 were resected and histology revealed that all of these IPMNs were clearly divided from the PDAC by normal pancreatic duct.
Characteristics of patients with IPMN-concomitant PDACs
• " Table 2 summarizes the clinicopathological features of the 11 patients with IPMN-concomitant PDACs that were detected at the first examination and the seven patients with IPMN-concomitant PDACs that were detected during follow-up. Whereas twothirds of the IPMNs of all of these cases were located in the pancreatic head, the PDACs showed the opposite orientation, with two-thirds or more detected in the body or tail. This tendency was particularly pronounced in the seven PDACs discovered during follow-up: six were located in the body or tail. All concomitant IPMNs were branch duct IPMNs without mural nodules. The concomitant PDACs that were detected at the first examination had a mean (± SD) size of 24 ± 10.6 mm. By contrast, the concomitant PDACs of the follow-up group were smaller (16 ± 7.5 mm), although this difference did not achieve statistical significance (P = 0.085). In the seven patients whose PDACs were detected during follow-up, the longest diameter of the dilated branch duct and the width of the pancreatic duct at the first examination were 13 ± 3 mm and 4 ± 1 mm, respectively. These duct dimensions did not increase during follow-up.
Sensitivity and specificity of imaging modalities to detect IPMN-derived and -concomitant PDACs
• " Table 3 summarizes the sensitivity and specificity with which the four modalities diagnosed IPMN-derived and -concomitant PDACs at the first examination and throughout the study period. For the calculations regarding the first examination, the seven IPMN-concomitant PDACs that were discovered during followup were considered to be occult lesions that had not been detected by any of the imaging modalities at the first examination. At the first examinations, EUS seemed to be superior to the other imaging modalities in detecting both IPMN-derived and -concomitant PDACs, although only the difference between EUS and ultrasonography achieved statistical significance. During followup, six of seven new PDACs were first detected by EUS despite the fact that ultrasonography, CT, and MRI had been performed between 2 and 10 months earlier (• " Fig. 4) . The other three modalities were then performed within 1 month of the PDAC-detecting EUS. For IPMN-concomitant PDAC that was detected during follow-up, EUS, ultrasonography, CT, and MRI detected 100 % (7/ 7), 0 % (0/7), 43 % (3/7), and 43 % (3/7), respectively. Thus, EUS was still superior to ultrasonography, CT, and MRI in detecting these PDACs. When calculating sensitivity and specificity of the four modalities to detect IPMN-concomitant PDACs at the latest examination throughout the study period including follow-up, EUS was significantly better than the other three imaging modalities (• " Table 3 ). IPMN, intraductal papillary mucinous neoplasm; MPD, main pancreatic duct; PDAC, pancreatic ductal adenocarcinoma. * Comparison of the group with concomitant PDACs at the first examination to the group with concomitant PDACs discovered during follow-up. Table 3 Sensitivity and specificity with which endosonography, ultrasonography, computed tomography, and magnetic resonance imaging detected intraductal papillary mucinous neoplasm-derived and -concomitant pancreatic ductal adenocarcinoma.
Modality IPMN-derived PDACs (n = 17) IPMN-concomitant PDACs (n = 18) CI, confidence interval; CT, computed tomography; EUS, endosonography; IPMN, intraductal papillary mucinous neoplasm; MRI, magnetic resonance imaging; PDAC, pancreatic ductal adenocarcinoma. During follow-up, IPMN-derived PDACs were not detected, but IPMN-concomitant PDACs were detected in seven patients. When comparing the imaging methods at the first examination, the seven PDACs that were detected during follow-up were considered to be occult lesions that had not been detected by any of the imaging modalities. When comparing the imaging methods throughout the study period, the latest examination during study period was used.
* McNemar test
Discussion ! When IPMN lesions are examined by imaging, it is necessary to check for mural nodules and to determine whether the lesion communicates with the MPD. EUS has better spatial resolution than ultrasonography and CT and can therefore more clearly visualize the internal structure of cystic tumors of the pancreas [20] . For this reason, EUS is often used to follow-up IPMNs in order to assess whether changes in the cystic lesions have occurred.
In the present study, EUS was also useful for detecting IPMN-concomitant PDACs both at the first examination and during followup. IPMN is a cystic tumor that has a marked potential to progress to a malignant state. Several studies indicate that 60 % -100 % of resected main duct IPMNs are malignant [4, 23 -26] . Therefore, in patients with good life expectancy, main duct IPMNs should be resected. By contrast, branch duct IPMNs are associated with a lower risk of malignancy [4, 23 -26] . However, the 2012 international consensus guidelines recommend that branch duct IPMNs that have a higher likelihood of malignancy should be surgically resected. Predictors of malignancy in these IPMNs are the presence of large branch ducts (> 30, 35, 40 or 50 mm) and a particular height of mural nodules (> 5 or 10 mm) [25, 27 -30] . However, the natural history of branch duct IPMNs is poorly understood. In the present study, all branch duct IPMNs with mural nodules and/or symptoms were resected regardless of the dilated branch duct and mural nodule size, whereas the patients with branch duct IPMNs without mural nodules or symptoms were followed up by EUS (and other imaging modalities) to check the IPMN growth and to judge whether the patients with these IPMNs should undergo surgery. Although mural nodules never arose during follow-up, the cystic lesions in three (3 %) patients grew in size during follow-up and were resected. Histology revealed that all three were IPMAs. Thus, IPMN-derived carcinomas were not detected during follow-up in the present study. These observations are consistent with an increasing body of evidence that suggests that most branch duct IPMNs can be followed up [4, 26 -31] . For example, when Salvia et al. prospectively evaluated the effectiveness of follow-up for a median of 32 months in 89 asymptomatic patients with branch duct IPMNs (< 3.5 cm) without mural nodules, only five (5.6 %) exhibited an increase in lesion size and were resected [26] . Histological examination of those resected specimens revealed that none were malignant. Another prospective study found that in 69 of 82 patients (84.1 %) with branch duct IPMNs without mural nodules, the lesions did not change during a median follow-up period of 61 months [31] . These reports suggest that branch duct IPMNs without mural nodules rarely progress to cancer over short periods of follow-up. Nevertheless, more follow-up data are needed to improve our understanding of the natural history of branch duct IPMNs without mural nodules. In the present study, 11 IPMN-concomitant PDACs (7 % of all IPMNs) were incidentally detected by several imaging methods at the first examination for IPMNs. Several studies have also shown that IPMNs are frequently accompanied by carcinomas that are distinct from IPMNs, both at the first medical examination and during IPMN follow-up [12, 15, 16] . Uehara et al. [15] reported that the 5-year rate of ductal carcinoma development in 60 patients with branch duct IPMNs was 6.9 %, and Tada et al. [16] reported that 5 % of patients with IPMN developed PDAC during a 3.8-year follow-up. Similarly, Yamaguchi et al. [22] showed that 4.1 % of patients diagnosed with IPMN also had an IPMN-derived or -concomitant PDAC. The 5-year rate of IPMN-concomitant PDAC in the present study was 8.8 %, which is higher than the rates of the latter studies, although it should be noted that the studies differed in terms of median follow-up period and cohort size. The higher rate in the present study may relate to the strict periodic follow-up with several modalities and the fact that EUS was used. These factors may have been responsible for the detection of the other seven PDACs during follow-up, which increased the 5-year rate. The use of EUS together with the periodic follow-up probably also allowed the detection of these seven PDACs at an early stage. These PDACs may be indolent and thus would not have manifested as clinical cases had they been left in place. Uehara et al. reported that the IPMN-concomitant PDACs that were detected during follow-up, largely by transabdominal ultrasonography, were found in an advanced state, even though the patients were examined at 6-month intervals [15] . By contrast, in the present study, all of the PDACs that were detected during follow-up could still be resected. During follow-up, six of the seven IPMN-concomitant PDACs were first detected by EUS despite the fact that ultrasonography, CT, and MRI had been performed between 2 and 10 months earlier.
The utility of EUS for the follow-up of IPMNs is also indicated by the fact that, when comparing the four modalities after one modality detected a PDAC, EUS detected all of these seven PDACs, whereas CT and MRI only detected 43 % of these lesions and ultrasonography could not detect any. Accordingly, EUS detected PDACs significantly better than the other modalities throughout the study period including follow-up. Thus, EUS appears to be more useful than ultrasonography, CT, and MRI for the early detection of PDACs. However, it should be noted that there was some methodological bias because EUS was performed semiannually whereas the other modalities were only performed once per year. This may have increased the sensitivity of EUS. However, although it would have been preferable to follow the patients up with all four modalities during the same visit, this was not done because it would have placed an undue burden on the patients. To our knowledge, this study is the first to employ EUS for the follow-up of branch duct IPMNs. This observation suggests that, in cases of partial surgical resection, the in situ gland should be subjected to close surveillance. This approach would also aid the early detection of PDACs. Moreover, considering the malignant potential of the in situ gland, total pancreatectomy may be indicated in some cases of IPMN. However, in these cases, the complications associated with total pancreatectomy, such as diabetes and indigestion, should be balanced against the risk of malignant transformation. Moreover, Yamaguchi et al. have reported that IPMN-concomitant PDACs are significantly smaller, less invasive, and less extensive than ordinary PDACs [22] . These factors should be considered when deciding the extent of resection particularly in elderly patients. The relatively high frequency of IPMN-associated PDACs also indicates that it is important to carefully survey the entire pancreas in patients with an IPMN rather than focusing only on the cysts, as this allows concomitant carcinoma to be detected. Moreover, unresected IPMNs should be subjected to periodic follow-up with EUS to ensure that IPMN-concomitant PDACs are detected early, although the optimal interval between followup examinations of branch type IPMNs is not yet clear. A recent report from Japan that analyzed radiological images and macroscopic or microscopic findings showed clearly for the first time that some PDACs exist concomitantly with IPMNs rather Fig. 4 Specimens, histology, and imaging data of a patient with a branch duct intraductal papillary mucinous neoplasm (IPMN) who developed a concomitant pancreatic ductal adenocarcinoma (PDAC) during follow-up. a Resected specimen. The surgical findings revealed that the pancreatic tumor (arrow) exited from the pancreatic body and was distinct from the cystic lesion (arrowhead). b Histology of the tumor (hematoxylin and eosin staining). Pathological examination of the resected specimen revealed a PDAC in the pancreas body. c Endoscopic ultrasonography imaging revealed a hypoechoic area (arrow) in the pancreas body that was 7 mm in diameter.
